Abstract The attribution of the observed shift in precipitation extremes to different forcing agents represents a critical issue for understanding changes in the hydrological cycle. To compare the effects of aerosols and greenhouse gases on the historical trends of precipitation intensity, we have performed the National Center for Atmospheric Research/Department of Energy Community Atmosphere Model version 5.3 (CAM5) model simulations from 1950 to 2005 driven by observed sea surface temperature and sea ice with and without anthropogenic aerosol forcings. Precipitation rates at every model time step in CAM5 are used to construct precipitation intensity probability distribution functions. We found that the accumulation of greenhouse gases is responsible for the shifts in precipitation intensity on the global scale. However, in Eastern China, dramatic increases in anthropogenic aerosols appear to account for most of the observed light precipitation suppression since 1950s. Under the warming climate induced by greenhouse gases, the enhanced ascending motions primarily lead to the decreases in light precipitation frequency and increases in moderate and heavy precipitation frequencies over the tropics, but there is no significant change in ascending motions in Eastern China only due to the greenhouse gas forcing. By modifying cloud microphysical properties and warm rain processes, aerosol microphysical effects dominate over aerosol radiative effects in determining the historical trend of precipitation intensity distribution in Eastern China.
Introduction
The global hydrological cycle has undergone significant changes in the twentieth century, including a general increase in globally averaged precipitation, moisture content, and high-latitude runoff, as well as a declining trend in pan evaporation [Hartmann et al., 2013] . Compared to the changes in the mean state of the hydrological cycle, variations of precipitation distribution, such as frequency of extreme heavy precipitation and duration of prolonged drought, are more important in determining impacts of hydrological changes [Allen and Ingram, 2002] . Recent observations have indicated a shift in precipitation intensity over different regions around the world with a decrease in light precipitation frequency and increase in heavy precipitation frequency [Seneviratne et al., 2012] . Previous studies using satellite observations from the Tropical Rainfall Measuring Mission (TRMM) [Lau and Wu, 2011] as well as the Global Precipitation Climatology Project (GPCP) [Liu et al., 2009 ] to characterize tropical oceanic rainfall changes found that warmer tropical sea surface temperature (SST) favors heavy rain but inhibits light and moderate rain. Long-term records from land-based meteorological stations showed that both frequency and amount of light rain have exhibited decreasing trends in Eastern China since the 1950s [Qian et al., 2009; Rajah et al., 2014] . Meanwhile, combined surface and satellite measurements revealed that heavy precipitation amount, thunderstorm occurrences, and lightning activity increased in Eastern China [Wang et al., 2011; Yang and Li, 2014] , although their long-term trends are less statistically significant than those for light precipitation [Qian et al., 2009; Liu et al., 2015] .
As two major anthropogenic forcing agents in the climate system, greenhouse gases (GHGs) and man-made aerosols have been inevitably linked to the modification of precipitation amount and frequency [Zhang et al., 2007] . However, the attribution of shifted precipitation extremes to different forcing agents remains an open question especially on the regional scale. From a thermodynamic perspective, a warming of surface and troposphere temperature induced by accumulating greenhouse gases increases tropospheric humidity at a rate of~7%/K [Held and Soden, 2006] . Increasing moisture content could promote heavy precipitation and also reduce water vapor availability for the subsequent precipitation events [Allen and Ingram, 2002; Trenberth et al., 2003] . Multiple satellite records have confirmed a positive response of precipitation intensity to surface temperature changes, but the sensitivity varies from 3 to 23%/K, depending upon analysis region and period [Wentz et al., 2007; Liu et al., 2009; Liu and Allan, 2012] .
On the other hand, dramatic variations of atmospheric aerosols and the associated forcings may complicate the role of GHG particularly over certain regions. There is abundant observational evidence supporting the suppression of drizzle precipitation by anthropogenic aerosols in some environments, for example, (1) the marine stratocumulus regime associated with aerosol emissions near ship tracks [Christensen and Stephens, 2011; Chen et al., 2015] , (2) polluted stratiform boundary layer clouds [Wood, 2005; L'Ecuyer et al., 2009] , and (3) shallow orographic clouds downwind of urban areas [Givati and Rosenfeld, 2004] , even though substantial debates remain in establishing causal relationships merely from observations [Boucher et al., 2013] . In Eastern China, both surface rain gauge and satellite observations have suggested that aerosols can decrease precipitation by up to 50% during hazy conditions [Rosenfeld et al., 2007] , contributing to a multidecadal declining trend of light precipitation occurrence [Qian et al., 2009] by modifying cloud microphysical properties and dynamical structure [Jiang et al., 2011; Guo et al., 2014; Fan et al., 2012] .
Since both GHG and aerosol could induce a precipitation intensity shift in the similar direction, there is a pressing need in climate research to quantify the contributions of different possible external forcings to the observed changes in precipitation extremes. A recent study by Liu et al. [2015] suggested that global warming rather than aerosol effects is the primary cause of the changes in precipitation intensity in Eastern China, based on the similarity of precipitation trends between urban and rural parts of China and between different latitudinal zones. However, it is still debatable whether we can tease out aerosol effects from the global warming background by solely contrasting observed precipitation trends over different regions . To reconcile those opposing perspectives, a quantitative assessment of aerosol and greenhouse gas effects on both regional and global scales is required.
In this study we employ a state-of-the-art global climate model with explicit aerosol and greenhouse gas effects to detect and attribute multidecadal variations of precipitation intensity. Recently, similar models from the Coupled Model Intercomparison Project Phase 5 (CMIP5) were found to be able to reproduce the canonical shift in global precipitation intensity in response to a warming climate [Lau et al., 2013] , although deficiencies in model resolution and convective parameterizations in conventional GCMs create problems in representing precipitation intensity distributions [Stephens et al., 2010] .
Experiment Design
The National Science Foundation/Department of Energy (DOE) Community Atmosphere Model version 5.3 (CAM5) is used in this study to access the historical trends of precipitation extremes. As the atmospheric component of the Community Earth System Model (CESM) version 1.2.2 [Hurrell et al., 2013] , CAM5 possesses notable improvements in simulating aerosol-cloud-radiation interactions. For example, cloud-radiationturbulence interactions are explicitly simulated in a moist turbulence scheme [Bretherton and Park, 2009] and aerosol effects on stratiform cloud microphysics are taken into account by a prognostic two-moment stratiform cloud microphysics scheme [Morrison and Gettelman, 2008] . Since the microphysical processes of shallow cumulus and deep convective clouds are parameterized in the convection schemes but not included in the cloud microphysics scheme of CAM5, the aerosol indirect effects as cloud condensation nuclei (CCN) or ice nuclei (IN) on those subgrid unresolved clouds are not considered in CAM5. Only aerosol microphysical effects on stratiform clouds spanning over a few hundred kilometers are considered in the cloud microphysics scheme [Morrison and Gettelman, 2008] . Consequently, only precipitation from stratiform clouds is affected by CCN/IN perturbations, while convective precipitation is just a function of convective strength and water availability. A modal aerosol module (MAM3) is used in the model that provides internally mixed representations of six types of aerosols in three size modes . The transient anthropogenic emissions are adopted from the Intergovernmental Panel on Climate Change Fifth Assessment Report (IPCC AR5) historic emission data set developed for the CMIP5 [Lamarque et al., 2010] , which covers the time period of 1850-2010. The model is configured in accordance with the Atmospheric Model Intercomparison Project (AMIP) protocol [Gates et al., 1999] in which CAM5 is run with interactive Community Land Model Version 4.0 and constrained by the time-varying greenhouse gas (GHG) forcing, realistic SST, and sea ice.
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To contrast the influence of anthropogenic aerosols and other forcing agents, we perform two AMIP-style experiments from 1950 to 2005 at 2°horizontal resolution with different forcing configurations. One experiment includes all transient forcing (ALL), while the other prescribes anthropogenic emissions of aerosols at year 1950 levels throughout the simulation (ALL À AERO). Hence, the differences between the two experiments reveal the impacts of time-varying anthropogenic aerosols (denoted as AERO). To assess the probability density function (PDF) of precipitation rates, typically high-frequency (e.g., hourly) precipitation output is required. However, it is computationally expensive to enable such high-frequency output in a global climate model. Previous studies have [e.g., Lau et al., 2013] constructed the global precipitation PDF and categorized the rainfall type mainly based on monthly mean data. Obviously, this categorization and associated PDF is only able to represent the precipitation distribution over a large domain (typically spanning over a few latitude degrees to obtain sufficient sampling grids) on the monthly time scale, but not suitable to study precipitation distribution over a specific region like Eastern China. In this study, we implemented an in situ diagnostic calculation in the model to construct a precipitation PDF using instantaneous precipitation rates during model integration. The new diagnostic accumulates instantaneous precipitation rates at each model time step (30 min) into 30 predefined bins during model integration without the need to output precipitation rate at each time step. At the end of each month, we calculate corresponding percentage for each bin to obtain a PDF and output it in the monthly data. Thirty rainfall rate bins are designed to capture the full spectrum of precipitation intensity, unevenly ranging from 0 to 1000 mm/d. The unit of mm/d is used for rain intensities throughout the paper. Similar to the World Meteorological Organization definition [Wang et al., 2011] , we categorize precipitation into three types based on its intensity, i.e., light (0.5-10 mm/d) precipitation covered by 7 bins, moderate precipitation (10-50 mm/d) covered by 8 bins, and heavy (>50 mm/d) precipitation covered by 12 bins.
Results and Discussion
Comparison With Satellite Measurements
The global mean (60°S-60°N) precipitation amount in the all-forcing experiment (ALL) of CAM5 exhibits an increasing interdecadal trend since 1980. The fractional increasing rate relative to the climatology in the ALL simulation is 0.30%/decade with 99% statistical significance (figure not shown). Similarly, the long-term measurement from GPCP version 2.2 combined precipitation data set shows a 0.17%/decade trend in global mean precipitation since 1980, but the trend is not as statistically significant as the one in the model. Those positive trends in global precipitation amount qualitatively agree with the enhanced hydrological cycle under the warming climate [Hartmann et al., 2013] , but their magnitudes are much smaller than the increasing rate of water vapor (about 7%/K or 1.3%/decade) estimated by the Clausius-Clapeyron equation [Held and Soden, 2006] . Conversely, over certain regions like Eastern China (100°-130°E, 20°-45°N), neither GPCP nor CAM5 shows a significant trend of precipitation amount after 1980, indicating a large spatial variability of the hydrological responses to external forcings and variabilities.
The multiyear mean precipitation PDFs from CAM5 in the all-forcing experiment are compared with GPCP and TRMM observations over the tropics (25°S-25°N) where the observational data sets are reliable. The satellite data are first remapped to a 2°mesh to facilitate comparison to the CAM5 simulations. We adopt two ways of comparing precipitation PDF. First, the PDF from 3 h TRMM 3B42 data (TRMM 3h ) is used to evaluate that from our in situ diagnostic method as mentioned above (CAM5 in situ ). Second, the precipitation PDF based on monthly mean model output (CAM5 monthly ) is calculated and compared with the GPCP precipitation PDF based on monthly mean data (GPCP monthly ). Considering the relatively large uncertainty with drizzle measurements by satellites and the large discrepancy in the frequencies of nonprecipitating events between models and satellite data [Stephens et al., 2010] , we do not evaluate the PDF for bins with precipitation less than 0.2 mm/d. As shown in Figure 1 , the PDF from CAM5 monthly shows good agreement with GPCP monthly , with respect to the single peak near 4 mm/d and the similar frequency of precipitation larger than 10 mm/d. Similar to the TRMM 3h , CAM5 in situ reproduces the two peaks in the PDF, one at 4 mm/d and the other at 15 mm/d. Note that both TRMM 3h and CAM5 in situ show higher frequencies at moderate and heavy precipitation rates than those based on the monthly data, because we have sampled the episodic precipitation events occurring on short hourly scales. Hence, the PDFs from CAM5 in situ will be adopted in the following analysis.
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It is difficult to directly compare our simulated 55 year trends of in situ diagnosed precipitation PDF with available observations, because of the availability of observed data. Global precipitation measurements like GPCP were not available until 1979, and the 3 h GPCP precipitation data were not available until 1996 similarly for TRMM. Alternatively, we conduct a comparison of PDF trends over the tropics based on the monthly mean data at each grid points between the AMIP CAM5 simulations and GPCP measurements during the overlapping period . The same method of constructing PDF from CAM5 and GPCP using monthly mean rain rates guarantees an apple-to-apple comparison. As shown in Figure 2 , CAM5 exhibits a good agreement with GPCP on the interdecadal trends of precipitation frequencies over the tropics, i.e., the increasing trends for moderate and heavy precipitation larger than 10 mm/d and the decreasing trends for light precipitation with 1-10 mm/d. The similar climatology and historical trends of PDF between model and observations confirm the fidelity of CAM5 model in predicting realistic hydrological cycles and their changes under varying forcings.
Attribution Analysis
Given the annual means of simulated precipitation PDF, we derive 55 year linear trends of precipitation frequency for each precipitation intensity bin. As shown in Figure 3a , in the ALL À AERO experiment, the global precipitation frequency exhibits significant decreasing trends for precipitation intensity between 1 and 20 mm/d, with the largest decrease in frequency at 4 mm/d. Meanwhile, there are increases in frequency of precipitation larger than 20 mm/d, but they are only statistically significant between 20 and 30 mm/d. Those responses simulated by AMIP-style CAM5 support the theoretical inference of GHG in shifting the precipitation intensity toward heavy rain, in agreement with most of CMIP5 models' behaviors in a warmer climate [Lau et al., 2013] . In the all-forcing experiment, the trends of rainfall occurrences over different precipitation categories show a similar shift toward heavy rain since the 1950s (Figure 3b ). The same responses with and without aerosol forcings imply the predominant role of GHG on the global scale in shaping the multidecadal trend of precipitation intensity since the 1950s. Note that our experiments are constrained by prescribed time-varying SSTs which are subject to aerosol forcing [Xie et al., 2013] , so aerosol effects could be partially embedded in the variability of In contrast with the trend of the precipitation PDF on the global scale, the responses of precipitation to different forcings in Eastern China are dramatically different. In comparison of Figures 3c and 3d , light precipitation over Eastern China exhibits a slightly increasing trend (not significant) in the ALL À AERO experiment, while the suppression of light precipitation only occurs when aerosol effects are taken into account as in the ALL experiment. Such a contrast clearly demonstrates the impacts of aerosol in modulating the light rain formation in a region with increasing pollution like China. In AERO, the trend of light precipitation frequency relative to the AERO climatology in 1950-1955 is about À1.1%/decade. The spatial patterns of fractional changes in light precipitation frequency (Figure 4b ) reinforce the conclusion that there are significant aerosol-induced decreasing trends of the light precipitation frequency in Eastern China, with the largest trend of about À3%/decade occurring in the North China Plain, which is considered to be the most polluted area in China . With respect to moderate and heavy precipitation, CAM5 simulations show that those two types of precipitation are also suppressed in Eastern China when aerosol forcings are included (Figure 3d ), which does not agree with some previous observational analysis and regional cloud-resolving simulations of aerosol effects [Qian et al., 2009; Fan et al., 2012; Wang et al., 2011] . This may be related to a long-standing deficiency in this state-of-the-art climate model that aerosol microphysical effects on deep convection are not considered. This model discrepancy may be reduced by use of alternate new convective parameterizations that contain aerosol microphysical effects [e.g., Song and Zhang, 2011; Lim et al., 2014] . (Figure 5a ). The elevated concentrations of particulate matters in Eastern China could affect cloud formation and alter cloud microphysical properties. As shown in Figure 5b , the effective cloud radius shows a significant deceasing trend since the 1950s, which is about À0.14 μm/decade (À1.6%/decade). The reduced droplet size weakens the collision/coalescence processes between cloud droplets and suppresses the warm rain formation, leading to an increase of liquid water path (LWP). Hence, a +2.68 g/m 2 /decade (+3.5%/decade) trend of LWP is found over Eastern China in Figure 5c . On the other hand, the total cloud fraction exhibits little response to aerosol forcing variations, as there is no significant trend of cloud fraction since the 1950s (Figure 5d ). This further suggests that aerosols may exert large impacts on the cloud microphysical rather than macrophysical properties. Note that such a comparison of aerosol effects is largely dependent on the model's skills in simulating aerosol effects on cloud cover and dynamics, and current skills of the GCMs in those aspects remain to be poor [Rosenfeld et al., 2014; Wang et al., 2014] .
Conversely, over India, another area that has also become a heavily polluted region in the recent decades, there is no significant change in light precipitation frequency due to aerosol effects (Figure 4b ), while GHG effects produce discernible light precipitation reductions over Western India (Figure 4a ). An analysis of multidecadal cloud effective radius shows that there is no significant trend (0%/10 year, P value 0.42) of cloud effective radius in India during 1950-2005 in the CAM5 simulations, which indicates that the aerosol microphysical effect on precipitation may be masked by the changes in meteorological conditions, such as water vapor availability, that also modify cloud microphysics and light precipitation over India. Furthermore, precipitation in India is largely regulated by the convective systems associated with monsoon circulation [Lau and Kim, 2006] and also influenced by perturbations of dust from North Africa and West Asia [Vinoj et al., 2014] , so a less evident relationship between local aerosols and drizzle in India may be expected.
To further explore the causes of light precipitation changes under the GHG-induced global warming, we examine the changes in precipitation PDF over different latitudes, atmospheric dynamics, and thermodynamics in the ALL À AERO experiment specifically. Figure 6 shows that the shift in precipitation PDF is more pronounced over the tropics (25°S to 25°N) than that over the extratropics (25°S to 50°S and 25°N to 50°N) . No significant change in the frequency of moderate to heavy precipitation (larger than 20 mm/d) is found over the extratropics.
The historical trends of vertical motion at the middle troposphere (500 hPa) in Figure 7a show that under the influence of the GHG forcing, there is enhanced ascending motion over the tropics where climatological vertical motion of air is upward as part of the Hadley Circulation. This is consistent with most CMIP5 model simulations in response to an increase in GHGs [Su et al., 2014] . The spatial pattern of strengthening updraft is similar to that of significant light precipitation decreases (Figure 4a ). For example, there are significant increases in upwelling motion and decreases in light precipitation frequency over the west of the African continent (30°E to 40°E, 10°S to 10°N), the central Indian Ocean (50°E to 90°E, 20°S to 10°N), and the Western Pacific warm pool region (110°E to 150°E, 0 to 10°N). Such a similarity indicates a possible pathway for GHGs to alter precipitation frequencies through modification of the large-scale dynamics, that is, the stronger vertical motion can facilitate the development of deep convective clouds and induce more intensive precipitation and less light precipitation [O'Gorman and Schneider, 2009] . On the other hand, it is possible that the greater latent heat released from intensified heavy precipitation could induce stronger ascending motion to form a positive feedback in the relationship between updraft velocity and heavy precipitation [Trenberth, 2011] .
Previous studies [i.e., Trenberth et al., 2003] suggested that increasing the water vapor content of the atmosphere should increase the rate of precipitation locally by supplying more moisture sources and by invigorating the storm through latent heat release. In our CAM5 simulations, water vapor availability is largely increased over most of the tropics in the warming climate as evinced by increased specific humidity at 850 hPa (Figure 7b) . However, over the tropics, the spatial correlation of historical trends between specific humidity and light precipitation frequency is not strong. Therefore, the modified atmospheric dynamics under the warming induced by GHGs should be primarily responsible for the light precipitation changes over the tropics.
In Eastern China, there is no significant change in large-scale circulation due to GHG effects in CAM5, as quantified by the vertical motion, even though the specific humidity exhibits some increasing trends. Therefore, the muted effect of GHG on the light precipitation trends in Eastern China may be due to the lack of significant changes in regional circulations in Eastern China under the sole GHG forcing. We also want to point out that light precipitation can also be affected by some other processes like boundary layer processes (e.g., surface fluxes of heat and moisture, turbulent mixing, and topographic lifting) [Hartmann et al., 2013] . The limitations of GCMs in representing those processes may affect simulation of the onset and duration of light precipitation, which could further complicate the mechanisms for the GHG effect on light precipitation changes.
Both aerosol-radiation interactions (ARIs) and aerosol-cloud interactions (ACIs) are explicitly considered on the grid scale in CAM5. To assess the individual roles of the two aerosol effects on light precipitation, we perform an additional simulation by turning off aerosol radiative effects, i.e., not activating the aerosol-radiation module, in the ALL experiment so as to single out the influence of ACI. Note that the absence of ARI may also affect the state of cloud fields (e.g., via the semidirect effect) on which aerosol microphysical effects act. Hence, there are some uncertainties with such an estimation of ACI. As shown in Figure 8a , the decreasing trend of light precipitation is amplified by 20% on average in the ACI-only experiment, compared with that in the all-aerosol effect (ACI + ARI) experiment. This suggests that ACI mainly accounts for the observed suppression of light precipitation in Eastern China, while ARI may act against ACI by enhancing light precipitation to some extent. Such a finding about ARI agrees with recent global and regional modeling studies Yan et al., 2015; T. J. Wang et al., 2015] which revealed that absorbing aerosols like black carbon in Eastern China induce a cyclonic anomaly in wind patterns by heating the atmosphere and enhance moisture transport from India and the South China Sea. Nevertheless, ARI-induced changes in precipitation in Eastern China are small, consistent with a previous modeling study that only considered aerosol radiative effects [Qian et al., 2003] . The simulated response of convective precipitation PDF in the ACIonly experiment (Figure 8b ) implies that although the cloud condensation nuclei (CCN) or ice nuclei (IN) effects on convective clouds are not explicitly considered in the current simulations, ACI on the grid scale can still affect the formation of subgrid convective clouds and associated convective precipitation presumably by changing the atmospheric heating and instability and even large-scale circulation like summer monsoons .
Discussion and Conclusion
The occurrence of hydrological extreme events, such as drought and floods, is closely linked with variations of precipitation probability distribution function (PDF). Using the AMIP-style CAM5 model simulations with in situ diagnostics of precipitation PDF, we quantify the relative contributions of greenhouse gases and aerosols to the observed precipitation intensity shift since the 1950s. To obtain a precipitation PDF over a specific region, we develop an in situ diagnostic method in the National Center for Atmospheric Research Community Atmosphere Model version 5.3 (NCAR CAM5) model. Such a precipitation PDF calculation allows us to sample the instantaneous precipitation rates at each time step during the model integration without high-frequency model output and to capture regional precipitation distributions on time scales shorter than a month. The comparison of in situ diagnostic PDF with the one based on monthly mean data shows that the former PDF can better capture more intensive precipitation in the right tail of the distribution. The climatology of PDF simulated by CAM5 using the in situ diagnostic method agrees well with that from hourly TRMM data.
Both observational data and modeling results suggest that there is an increasing trend of global mean precipitation amount since the 1980s, but there is no trend in Eastern China, indicating a large spatial variability of the hydrological responses to external forcings and natural variability. Our sensitivity experiments with and without aerosol forcings suggest that even though the increase of greenhouse gases induces an adjustment in moisture availability and precipitation intensity on the global scale, the drastic increase of anthropogenic aerosols is primarily responsible for the suppression of light precipitation in Eastern China by ACI through reducing cloud droplet effective radius. The spatial pattern of the light precipitation trends also supports the notion that the GHG-induced suppression of light precipitation mainly occurs over the tropical oceanic regions, while elevated aerosols lead to a significant reduction of light precipitation over the North China Plain. Analyses of historical trends of large-scale vertical motion and specific humidity in the GHG forcing-only experiment show that the strengthened large-scale ascent mainly explains the decrease in light precipitation frequency over the tropics, but there is no significant change in the ascending motion in Eastern China under the influence of GHG. Additional CAM5 sensitivity experiments further indicate that aerosol microphysical effects on clouds are more important than aerosol radiative effects in determining changes in the light precipitation occurrence over East China in the past 50 years.
Since both observations [i.e., Chen et al., 2015] and large-eddy simulations [i.e., Xue et al., 2008] have shown CCN-induced suppression of light precipitation in cumulus and stratocumulus clouds, the absence of aerosol microphysical effects on shallow convection in CAM5 may result in a slight underestimation of aerosol effects on warm precipitation. Similarly, as for aerosol microphysical effects on the deep convective precipitation systems, there also has been abundant evidence from previous cloud-resolving simulations in Eastern China that show a reduction in light stratiform precipitation but an enhancement in heavy precipitation from convection cores when CCN concentrations are elevated [i.e., Qian et al., 2009; Wang et al., 2011; Fan et al., 2012 Fan et al., , 2013 . Therefore, although aerosol effects on microphysical properties of convective clouds are not considered explicitly in conventional GCMs like CAM5, they are unlikely to affect our conclusions that aerosols play a predominant role in suppressing light precipitation over East China. The quantification of aerosol and greenhouse gas effects on regional precipitation is an ongoing effort along with the improvement of the NCAR CAM5 model. In future studies, high-resolution (about a quarter degree) CAM5 [Ma et al., 2015] and the newly developed microphysical deep convection parameterization [Song and Zhang, 2011] will be employed to reveal the resolution dependency of precipitation intensity and to better account for aerosol effects on convective precipitation.
